Objective. To evaluate two standard procedurespecific pain regimens and to assess independent predictors for higher pain intensity after thoracic surgery.
Methods. Patients received either oral opioid analgesia (Opioid Group) or epidural analgesia and were then bridged to systemic opioid analgesia (EDA 1 O Group) in this retrospective observational study. Medical history, discharge letters, anesthetic protocols, and pain protocols were evaluated in 621 patients after open thoracotomy and assessed with a stepward back elimination in a multivariate logistic regression model.
Results. Data of 621 thoracotomies in 2014 were analyzed, 309 patients in the Opioid Group and 312 patients in the EDA 1 O Group. Pain scores at rest and on coughing were significantly lower in the EDA 1 O Group on postoperative days (PODs) 1-4 (P < 0.001). Stepwise backward elimination in multivariate logistic regression identified preexisting pain disease (P 5 0.034), no epidural analgesia (P < 0.001), opioids in preoperative pain therapy (P < 0.001), and antidepressant medication (P 5 0.003) as independent risk factors for higher pain intensity at rest on PODs 1-4. Same on PODs 5-8 with regard to opioids in preoperative pain therapy (P < 0.001) and antidepressant medication (P 5 0.018). Moreover, on PODs 5-8, male gender had a lower risk (P < 0.003) for pain, and preexisting musculosceletal disease had a lower risk for more postoperative pain (P 5 0.009). On coughing, male gender and younger age proved to have a lower risk for postoperative pain on PODs 1-8 and on PODs 1-4, respectively. Opioids in preexisting pain therapy and antidepressant medication were identified as risk factors for pain on PODs 1-8 on coughing, and pain disease was identified as a risk factor for more pain on PODs 1-4 (P 5 0.041). Moreover, preexisting cardiac disease indicated more pain on PODs 1-4 (P 5 0.05), and musculoskeletal disease and neurological disease indicated more pain on PODs 5-8 (P 5 0.041, and P 5 0.023).
Conclusions. We present data on independent risk factors for higher pain intensity during recovery V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com after thoracotomy . The lack of postoperative epidural analgesia, female gender, preexisting opioid  pain therapy, and chronic pain are the strongest  risk  factors  for  higher  pain intensity. Antidepressant medication was identified as an independent risk factor at rest and on coughing on all PODs.
Study
limitations. The study design is retrospective.
Introduction
Pain after thoracic surgery is one of the most recognized pain syndromes associated with a specific procedure [1] . To date, regional anesthesia is recommended for postoperative analgesia after thoracotomy [1] [2] [3] [4] . However, no standard procedure-specific pain regimen has been established for open thoracotomy with respect to the fact that patients have to be bridged to systemic analgesia after regional anesthesia has been finished. We recently showed that oral opioids can be very effective after thoracotomy [5] and that epidural analgesia is not superior to oral opioids with regard to establishing neuropathic or chronic postthoracotomy pain (CPP) [6] .
No data are available on the pain intensity of patients who underwent epidural analgesia and who are bridged to a systemic opioid-based analgesia compared with patients who received immediate postoperative opioidbased analgesia.
Moreover, available data on risk factors for severe postoperative pain after thoracotomy are based on a single evaluation on the first postoperative day [7] .
The purpose of the present study was to evaluate two standard procedure-specific pain regimens and to assess independent predictors for higher postoperative pain intensity during recovery after thoracic surgery.
Methods
After obtaining local ethics committee approval (University of Essen, Chairperson Prof. Havers, 13-5320-BO), we investigated 621 thoracotomy patients during the second half of 2014 in this retrospective observational study. We included patients consecutively.
Anteroaxillary thoracotomy was the standard surgical approach in our thoracic center and was performed via the fourth intercostal space; the serratus muscle was not dissected, but retracted. The closure of the thoracotomy was performed with two to three pericostal polyglactine (Vicryl, Ethicon, Sommerville, NJ, USA) and interrupted polyglactine sutures of muscles and subcutaneous tissues and intracutaneous running sutures or skin staples.
Pain therapy was standardized in our thoracic center. If a thoracic epidural catheter (Braun Melsungen) was inserted, it was placed before induction of anesthesia at thoracic level 5/6 or 6/7. After administering a test dose of 3 mL 0.25% bupivacaine, a continuous epidural infusion was begun at 4-8 mL/h. The standard epidural drug combination was ropivacaine 0.2% with 0.75 mg/mL sufentanil (500 mL bag). Thirty minutes before the end of the surgical procedure, all patients received 1-2 g IV dipyrone, a nonopioid analgesic frequently used in the perioperative setting in Germany according to German acute pain treatment guidelines. Patients were then admitted to the intensive care unit (ICU) or recovery area and received IV 1 g dipyrone every six hours. EDA was continued at 4-8 mL/h. If analgesia was not sufficient, as indicated by checking the dermatomes using an ice pack, patients were switched to a systemic analgesia regimen before admission to the general ward. If analgesia was still inadequate after a bolus of 6 mL ropivacaine 0.75%, the epidural catheter was removed. On the second postoperative day (POD), the regimen was changed to 500 mg dipyrone four times daily by mouth. The EDA was continued at 4-8 mL/h until the 500 mL bag was empty. When the bag was empty, the epidural catheter was removed and patients were then placed on a standardized pain treatment protocol with controlled-release oxycodone/ naloxone (Targin) 20-0-10 mg per day and oral dipyrone 500 mg every six hours. Patients without an epidural catheter received 5-10 mg IV piritramide, an opioid with approximately 0.7 times the potency of IV morphine, at the end of surgery. After discharge from the ICU or recovery area, these patients received a standardized opioid protocol with controlled-release oxycodone/ naloxone (Targin) 30-0-20 mg initially and then 20-0-10 mg and oral dipyrone 500 mg every six hours by mouth.
Pain scores at rest and on coughing were evaluated every six hours. If the numeric rating scale (NRS; 0-10; 0 ¼ no pain, 10 ¼ worst pain imaginable) score was 4 or higher during rest, IV rescue medication (parecoxib 40 mg) was administered to patients in both protocols. Thirty minutes after administration of rescue medication, the NRS score was re-assessed. If it was still higher than 4, the nurse had to contact the anesthesiologist responsible for postoperative pain therapy. The anesthesiologist examined the patients to exclude other causes than wound pain and increases opioid dose if necessary. All patients were visited daily by an anesthesiologist during their stay in the hospital, and pain medication was adjusted as needed. The pain regimen is condensed in the flow chart in Figure 1 .
We assessed the anesthetic sheets and surgical discharge letters for comorbidities and medication, such as preexisting malignant neoplasm, preexisting musculoskeletal, neurological, cardiac, and psychiatric diseases or preexisting pain syndromes, and preoperative pain therapy.
Statistical Analysis
All variables were analyzed by the methods of descriptive statistics (frequency, mean 6 standard deviation, range). A sample size calculation was performed using a difference of one point on the NRS as significant, assuming that the standard deviation is 4 and that a is 0.05 with a two-sided test and power of 0.8. This indicated that at least 251 patients per group would be required. The Kruskal-Wallis test was performed to compare the different surgical procedures in pain scores.
In order to test differences between means, the Student's t test was applied in the case of normal distribution; otherwise, the Mann-Whitney U test was adopted. For discriminating between normally and nonnormally distributed variables, the Kolmogoroff-Smirnoff test was applied. Levene's test was used to assess the equality of variance in different samples. We applied the v 2 test to compare frequencies and proportions in two groups. Multivariate logistic regression was used to model the association between various variables suspected of developing chronic pain. Variables showing a P 0.1 for the correlation with chronic pain were included in a multivariate model. The final model was determined by means of a stepwise backward elimination. In every step, the variable with the highest P value, that is, the least significant one, was removed, until only significant variables remained in the model. We grouped the results in PODs 1-4 and PODs 5-8 to present data more clearly. We considered P < 0.05 to be statistically significant. Statistical analysis was performed with SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Table 1 shows patients receiving epidurals or no epidurals in these subgroups.
Results

Data
We found no statistically significant difference between the various surgical procedures in pain scores.
Patient characteristics are presented in Table 2 . Pain scores at rest and on coughing are presented in Tables 3 and 4 . Patients in the EDA þ O Group were older than patients in the Opioid Group (P < 0.001) (see Table 2 ). More patients in the Opioid Group had preexisting neurological diseases (P ¼ 0.03) and a preexisting pain therapy (P < 0.001). Patients in the EDA þ O Group received higher opioid doses on the day of discharge (P ¼ 0.03) ( Table 1) . Pain scores at rest and on coughing were significantly lower in the EDA þ O Group on PODs 1-4 (P < 0.001) ( Tables 2 and 3) . Stepwise backward elimination in multivariate logistic regression identified preexisting pain disease (P ¼ 0.034), no epidural analgesia (P < 0.001), opioids in preoperative pain therapy (P < 0.001), and antidepressant medication (P ¼ 0.003) as independent risk factors for higher pain intensity at rest on PODs 1-4. The same was true on PODs 5-8 with regard to opioids in preoperative pain therapy (P < 0.001) and antidepressant medication (P ¼ 0.018). Moreover, on PODs 5-8, male gender had a lower risk (P < 0.003) for pain, and preexisting musculosceletal disease had a lower risk for more postoperative pain (P ¼ 0.009) ( Table 5 ).
On coughing, male gender and younger age proved to have a lower risk for postoperative pain on PODs 1-8 and on PODs 1-4, respectively (Table 6 ). Opioids in preexisting pain therapy and antidepressant medication were identified as risk factors for pain on PODs 1-8 on coughing (Table 5) , and pain disease was identified as a risk factor for more pain on PODs 1-4 (P ¼ 0.041). Preexisting malignant disease was a weak risk factor for more postoperative pain on coughing an PODs 1-4 (P ¼ 0.046) (see CI in Table 6 ). Moreover, preexisting cardiac disease indicated more pain on PODs 1-4 (P ¼ 0.05), and musculoskeletal disease and neurological disease indicated more pain on PODs 5-8 (P ¼ 0.041, and P ¼ 0.023) (see Table 6 ).
Discussion
To date, regional anesthesia is recommended for postoperative analgesia after thoracotomy [1] [2] [3] [4] . However, if patients receive an epidural/regional analgesia, they have to be bridged to a second pain therapy when epidural/regional technique is finished. In our cohort, patients had their epidural for four days and were then bridged to oral opioids. Data on bridging from regional technique to systemic analgesia after thoracotomy are lacking. We recently described the effective procedurespecific standard of oral opioids after open thoracotomy [5, 8] . The present data demonstrate oral opioids after thoracotomy to be effective, but in the first postoperative days, the quality of pain therapy is superior in epidural analgesia compared with oral opioids. Our study group proved higher pain scores in the first postoperative days to be one of the strongest risk factors for the development of CPP [9] .
Regarding the literature, it is known that preoperative pain is a predominant predictor for chronic post-thoracotomy pain [7] . CPP, mostly defined as chronic pain after two to three months postoperation, has been widely investigated for incidence, risk factors, and influence on patients' quality of life [10] [11] [12] [13] . Peng et al. identified age <60 years, female gender, prolonged duration of postoperative chest tube drain (4 days), options of postoperative pain management, and preexisting hypertension as multiple predictive factors for CPP. Published data on CPP are derived from interviews and questionnaires not focusing on the impact of a standardized procedure-specific postoperative pain management on the development of CPP [10] [11] [12] [13] . Montes et al. [14] identified six clinical predictors for chronic postsurgical pain, including surgical procedure (thoracotomy has the highest incidence), age, physical and mental health status (Short Form Health Survey), preoperative pain in the surgical field, and preoperative pain in another area. To date, published data on risk factors mostly focus on risk factors for CPP, not on risk factors for higher postoperative pain intensity.
We first present data on risk factors for higher pain intensity during recovery from a homogenous patient cohort undergoing standardized procedure-specific pain regimens. The lack of postoperative epidural analgesia, female gender, preexisting opioid pain therapy, and pain disease are the strongest risk factors for higher pain intensity at rest and on coughing. Also, antidepressant medication was identified as an independent risk factor at rest and on coughing on all PODs. On coughing, preexisting diseases, such as musculosceletal disease, cardiac disease, and neurological disease, influence postoperative pain intensity.
Our results indicate that identifying risk factors is a complex topic when evaluating at different assessment points during recovery. To our knowledge, until now there are only data of one multicenter trial available, identifying risk factors for severe postoperative pain after thoracotomy based on one single questionnaire in the first postoperative day [7] . Gerbershagen et al. [7] identified the extent of surgery, preoperative chronic pain, and younger age as independent risk factors for severe postoperative pain after thoracotomy. Our results confirm these findings with regard to sex, age, preoperative chronic pain, and preoperative opioid medication. Results from Gerbershagen et al. are based on one single data collection on the first postoperative day. From our point of view, pain management after thoracic surgery cannot be evaluated at this early postoperative stage when patients still have their chest tubes. Moreover, in the multicenter design of Gerbershagen et al., pain therapy was not standardized. We performed a stepwise backward logistic regression to identify risk factors for higher pain intensity in the recovery period of the patients. We identified the lack of postoperative epidural analgesia, female gender, and preexisting opioid pain therapy as the strongest risk factors for higher pain intensity. Moreover, antidepressant medication is a risk factor at rest and on coughing throughout the whole recovery period, and is also influenced by codiseases, such as musculosceletal, neurological, and cardiac diseases.
Limitations
The study design is retrospective. It has to be emphazized that we assessed the effectiveness of our pain management every day during the hospital stay and that our analgesic regimens are standardized in a welldescribed cohort. There are differences in demographic data between both groups. The decision to place epidurals was not randomized, and as such may depend on variables not included in this analysis. Moreover, it cannot be excluded that cultural factors may have an impact on pain experience. However, with stepward back elimination in a multivariate logistic regression 
NRS at rest day POD 1 1.1 6 1.7 2.4 6 1.9 <0.001 NRS at rest day POD 2 0.9 6 1.4 1.9 6 1.8 <0.001 NRS at rest day POD 3 0.7 6 1.3 1.5 6 1.6 0.03 NRS at rest day POD 4 1.1 6 1.6 1.4 6 1.5 n.s. NRS at rest day POD 5 1.4 6 1.8 1.3 6 1.5 n.s. NRS at rest day POD 6 1.4 6 1. model, the results are not biased by these group differences. 
